Objectives : to observe the effect of badminton in myopia progression among children in Yogyakarta. Methods : This is a cohort study involving 139 eyes from 77 children. The subjects were divided into 2 groups: badminton (n=73) and control (n=66) group. The refractive error was measured by using autorefractometer with additional cycloplegic agent (1% cyclopentolate). Myopia progression between baseline and 6 month follow up in each group were compared by using Paired T-Test Analysis. The difference of myopia progression in both group were compared by using Independent Sample T-Test Analysis. The relative risk of myopia progression by playing badminton was analysed by using 2x2 table analysis. Results : The mean refractive error in the badminton group was -1.03 ± 0.62 D (baseline) and -1.07 ± 0.64 D (6 months), while in the control group was -1.11 ± 0.66 D (baseline) and -1.24 ± 0.69 D (6 months). There was significant difference in the mean refractive error between baseline and 6 months in each group (p<0.05). Myopia progression in badminton group was 0.04 ± 0.10D, while in control group 0.12 ± 0.22. There was significant difference in myopia progression between two groups (p<0.05). Badminton is also significant protective factor against myopia progression in children (RR: 0.329 (0.157-0.687); p<0.05), even though another factor such as near-work, outdoors activities, and hereditary factor could confound the progression. Conclusion : Children who are routinely playing badminton show less myopia progression. There is statistically significance but not clinically significant difference in myopia progression between two groups. Playing badminton is a protective factor towards myopia progression
yopia has emerged as a major global public health issue, particularly in East and South East Asia. 1, 2 Around 80% or more of young adults have myopia in East Asian countries including China, Taiwan, Singapore, and Indonesia. The economic cost and medical burden of myopia are also high. In Singapore, the direct cost of myopia for each school child was estimated to be US $148. 3 Myopia, in particular high myopia may increase the risk of uncorrectable visual impairment (open angle glaucoma, retinal detachment and cataract) and even blindness in later life. 1, 4, 5 From a series of clinical perspective studies, the efficiency of intervention to slow down the progression of myopia is limited. 6 Anti-muscarinic drugs such as atropine eye drops has been found to be effective in reducing the progression of myopia, while the risk of side effects such as photophobia, decreased near vision, dry eye, flushed skin is high. 7 Therefore, it is important to identify modifiable risk factors of myopia that can help us to slow or stop myopia progression.
Recent epidemiology surveys have shown that increased amounts of exercise protect against the development of myopia. 3, 7, 8 Several longitudinal studies have shown associations between more exercise time and reduction of risk in development of myopia. 9, 10 Badminton is one of the most popular outdoor sports in South-East Asia, especially Indonesia. Its popularity not only because the simplicity of the equipment needed, but also Indonesia is one of the greatest countries in badminton history. So many people ranged from children to adults are playing this kind of sports. Moreover, there are also several badminton schools that train children regularly and give them opportunity to be badminton athletes. However, very limited studies observe relationship between badminton and myopia progression. The purpose of this study is to observe the effect of badminton in myopia progression among children in Yogyakarta
METHODS
This is a cohort study involving 139 eyes from 77 myopia children from badminton school in Yogyakarta on September 2016 -Juli 2017. The subjects were divided into 2 groups: 73 children in badminton and 66 in control group. All of subjects were consecutively enrolled to this research and had given consent from their parents. All of the information including the duration of the badminton playing, near work and outdoor activities, as well as family history from research subject were obtained by using standardized questionnaire. The interview was taken to the child's parents and were conducted by well-trained doctor.
The inclusion criteria in this research were: age of 8-15 years old, have myopia and have given consent to be enrolled to this research. We defined badminton group as children who are routinely playing badminton >6 hours/week and control group as children who are routinely playing badminton <6 hours/week. The exclusion criteria were: have eye disease other than refractive error that possibly influence the visual acuity and have high myopia (> 6.00D).
Myopia progression in this research is the difference of mean refractive error between the baseline and 6 months follow up. The refractive error of the subject was measured by using auto-refractometer with additional cycloplegic agent (1% cyclopentolate) given 1 hour prior to examination. The refractive error was counted as spherical equivalent.
Myopia progression between baseline and 6 month follow up in each group was compared by using Paired T-Test Analysis. The difference of myopia progression in both group were compared by using Independent Sample T-Test Analysis. The relative risk of having myopia progression M by playing badminton was analysed by using 2x2 table analysis.
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RESULT
In this research, we enrolled 139 eyes from 77 children who were divided into 2 groups, consist of 73 eyes in badminton group and 66 eyes in control group. The mean of refractive error of the subject were -1.03 ± 0.62D in the badminton group, whereas -1.11 ± 0.66D in the control group. The characteristic of the subjects enrolled in this research is shown in table 1. In our study, myopia progression is measured by calculating the difference of mean refractive error between the baseline and 6 months follow up. The mean refractive error at the baseline and 6 months follow up in both groups were shown in Graphic 1.
There was significant difference in the mean refractive error between first and 6 months follow up in each group (p<0.05). Each group showed myopia progression although in badminton group (0.04 ± 0.10 D / 6 month) showed less myopia progression than in control (0.12 ± 0.22 D / 6 month). We found significant difference in myopia progression between two groups (p<0.05) (graphic 2). This research also measured the relative risk of badminton player to have myopia progression (table 2) . We found badminton is a protective factor against myopia progression (RR: 0.329 (0.157-0.687); p<0.05). The causes of myopia progression were multifactorial. In our study, we found several confounding factors contributing the myopia progression in our subjects (table 3) . Near-work activities in our study were the total duration of doing homework, reading a book, computer, and hand phone. The badminton group had significant longer duration in using hand phone, while the control group had significant longer duration in reading a book. However, totally, there was no significant difference in near-work activities between 2 groups (p<0.05). 
DISCUSSION
Previous study about the effect of badminton in myopia progression had never been documented. The previous research found was only documented about the relationship between sports or exercise against myopia progression in children. Our study result is supported by Jin et al 7 who described children with more physical exercise would have less myopia progression. Myopia progression in the exercise group was 0.10D whereas in the control group was 0.27D. Another study with similar results also had been done by Jacobsen et al 10 and Jones et al 9 who also said that myopia progression was less likely in children with more physically active.
Physical activity can influence the body and brain system through several mechanisms, such as glucose and lipid metabolism, blood pressure and vascular function, and central and peripheral growth factors. Thus, those several mechanisms induced by physical activity may be involved in the regulation of the eye growth. 9, 12, 13 In our study, the less myopia progression in the badminton group may be caused by : (1) During exercise like badminton, glucose in the bloodstream is catabolized through several system that produced ATP in which the body need to supply the energy. During that process, there will be the depletion of the blood glucose. The Alpha cell in the pancreas will react and produce glucagon to the circulation. Thus, there will be increase number of glucagon throughout the body including eye. Several literatures reported that this increase level of glucagon is one of protecting factor against myopia progression 14, 15 ; (2) Badminton is one of sport that majority of the energy derived from aerobic system. Thus, the oxygen circulating in the bloodstream will be higher. This condition will influence the balance of several growth hormones. One of them is bFGF. Several literatures described that bFGF is one of the protecting factor against myopia progression.
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From table 2, the relative risk of badminton against myopia progression is 0.329 (0.157-0.687); p<0.05). From this result, we can say that badminton is a protecting factor against myopia progression in children. This result is similar with Jones et al 9 and Mutti et al 18 who reported the odds ratio of exercise against myopia progression was 0.91 and 0.917.
In our result, the duration of nearwork activities between 2 groups show no different result. This may be caused by the difference in the daily activity pattern in each group. The badminton group have lower duration in reading a book activity but higher duration in using handphone. Contrary, the control group have higher time in reading book and lower time in using handphone. This is may be related with educational background and priority of the subject. Subjects in the control group tend to see educational process in school as main priority while in the badminton group see educational process is only complementary.
For outdoors activities, we found no significant difference between 2 groups. This is maybe caused by age, culture and social similarity among all of research subject who live in Yogyakarta. Most of school in Yogyakarta have only 6 hours school time/day, which the students can go back at 1 pm. The students have more time to play outside, thus give more exposure to sunlight, which is protective factor against myopia progression.
It is postulated that the effects of sunlight exposure may explain the protective nature of outdoor activity against myopia progression. The increased intensity of light outside, pupils may be more constricted, and a greater depth of field may be achieved with less attendant image blur. The sunlight exposure also increases the stimulation of dopamine release from the retina. Dopamine has been known to be an inhibitor of axial elongation. 5, 18, 19 Near work activity had been postulated as a strong risk factor towards myopia progression. Near work activity accompany every student when they study. It is always been done whether in the school or house. Accommodative lag increased as the reading distance get closer. Accommodative lag may induce hyperopic retinal defocus, which may promote myopia progression in children. 20 In this study, we found near work activities as the significant risk factor towards myopia progression (RR: 2.864(1.251-6.560); p<0.05). This is supported by Ip et al 21 and Huang et al 7 who concluded that the risk of myopia progression by near work activities was 2.50 and 1.14.
CONCLUSION
In conclusion, from this study, children who are routinely playing badminton show less myopia progression. There is statistically significance but not clinically significant difference in myopia progression between two groups. Playing badminton is a protective factor towards myopia progression in children. Our study provided additional information and perspective on the potentially protective role of badminton on the progression of myopia. Public health education about doing sports regularly is necessary, not only to the parents but also to the committee of the school. Future research with longer follow up time as well as the other sports beside badminton is needed.
